Double-stranded RNA synthesis (dsRNA) and microinjection
The fragments (300-500 bp) of T. castaneum HDAC genes were amplified using target genespecific primers containing T7 promoter sequence at the 5' end. The purified PCR fragments and the MEGAscript T7 kit (Thermo Fisher Scientific, Waltham, MA) were used for dsRNA synthesis.
The DNA templates were digested with DNase (Ambion Inc., Austin, TX) followed by purification using phenol-chloroform extraction and ethanol precipitation. The quality of dsRNAs was checked by agarose gel electrophoresis and the concentration was measured using NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific Inc., Waltham, MA). Newly molted last instar larvae (day 0) were immobilized by keeping on the ice and then placed them on double-sided sticky tape over a glass slide. Approximately 200-250 nl of 5-7 μg/μl dsRNA was injected into the dorsal side of the abdomen using a Nanoject III programmable nanoliter injector (Drummond Scientific Company, Broomall, PA) fitted with 3.5" glass capillary tube, pulled by a needle puller (Model P-1000, Sutter Instrument, Novato, CA). After injection, the insects were reared under standard conditions.
RNA isolation, cDNA synthesis and quantitative reverse transcription PCR (RT-qPCR)
Total RNA was extracted from treated and control insects using TRI reagent-RT. cDNA was synthesized from 2 μg of RNA samples using M-MLV reverse transcriptase (ThermoFisher scientific) in a 20 μl reaction as per manufacturer's protocol. The diluted (5X) cDNA, genespecific primers and iTaq Universal SYBR Green Supermix (Bio-Rad, Hercules, CA) were used in RT-qPCR.
RNA-sequencing library preparation (RNA-seq), Illumina sequencing, data analysis, and annotation
Total RNA extracted using the TRI reagent-RT was used for RNA-seq library preparation.
Samples were quantified using a Nanodrop and subjected to poly (A) enrichment using oligo-dT magnetic beads (New England Biolabs, Ipswich, MA) followed by RNA fragmentation and cDNA synthesis. High-performance SMARTScribe TM Reverse Transcriptase enzyme (Takara-Clontech, Mountain View, CA), barcoded reverse transcriptase primers and strand-switching primers SMART7.5 (Exiqon) were used for cDNA synthesis. The cDNA (300-600bp) was selected using
HighPrep PCR clean up beads (MAGBIO, Gaithersburg, MD). The size-selected tags were amplified using Phire Hot Start II DNA polymerase (Thermo Scientific) with primer adapters for Illumina sequencing. The PCR products were purified, and quality was assessed using a Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA; Model 2100). The equimolar concentration of barcoded libraries was pooled based on concentration estimate from bioanalyzer and nanodrop. The pooled libraries were sequenced using the Illumina Hiseq 4000 sequencer at Duke University Sequencing and Genomic Technologies (NC, USA). Raw reads were demultiplexed, trimmed and transcripts were mapped back to the Tribolium castaneum reference genome (assembly Tcas5.2) using the CLC genomic workbench pipeline (Version 9.5.9).
Normalized gene expression levels were subjected to differential gene expression analysis using Baggerley's test or 'Empirical analysis of DGE' (EDGE) using default parameters. Differentially expressed genes were identified by filtering transcripts with ≥2-fold change and the P-value ≤ 0.05. Differentially expressed upregulated genes were submitted to the Blast2GO Pro Plugin with the CLC workbench and GO terms were identified and represented using the Web Gene Ontology Annotation Plot [WEGO (2)].
Protein extraction and Western blotting
The larvae were crushed in liquid nitrogen and lysed on ice using RIPA lysis buffer (Radioimmunoprecipitation assay buffer-0.5M Tris-HCl, pH 7.4, 1.5M NaCl, 2.5% deoxycholic acid, 10% NP-40, 10mM EDTA-Millipore Sigma, MA, USA) supplemented with Halt protease inhibitor cocktail (ThermoFisher, Rockford, IL, USA). Samples were incubated on ice for 5-10 min, and 1/10 th volume of 5M NaCl was added to release chromatin-bound proteins. 
Chromatin immunoprecipitation (ChIP) assay
ChIP assays were performed using Pierce Magnetic ChIP Kit (Thermo Scientific) as described previously (3) . Briefly, TcA cells (2 × 10 6 cells/treatment) were treated with 10 µg dsmalE or dsHDAC1. After 72 h, the cells were exposed to DMSO or 10 µm JH III for 6 h. Then the chromatin was cross-linked with formaldehyde, digested with MNase and immunoprecipitated using Rabbit IgG (negative control) or Anti-histone H2B acetyl K5 (H2BK5ac) antibodies. The precipitated DNA and input DNA were analyzed by qPCR using promoter-specific primers of TcHDAC1, TcMet and TcSIN3 were PCR amplified using primers (SI Appendix, Table S2) containing KpnI and NotI restriction enzymes. Amplified products were cloned into pIEx-4 vector (Novagen, USA). To study the interaction of HDAC1 and SIN3 with the Kr-h1 promoter, 500 bp TcKr-h1 promoter constructs. At 48 h after transfection, the cells were exposed to DMSO or 10 µm JH III for 24 h. Then the cells were lysed using lysis buffer and performed the luciferase reporter activity using the luciferase reporter assay system (Promega, USA).
Imaging and documentation
Unitron (Z850) motorized automated deep focus stereomicroscope (Olympus SZ, Center Valley, PA) imaging system and Canon EOS Rebel T5i (Micro source imaging, Maple Grove, MN) were used for capturing the images of phenotypes.
Statistical analysis
Statistical analysis was performed using JMP 12. TcdsHDAC1F  TAATACGACTCACTATAGGGCGAGTACTTTGGTCCCGATTT  TcdsHDAC1R  TAATACGACTCACTATAGGGTTTCTGGCACGATCCTCTTATC  TcdsHDAC3F  TAATACGACTCACTATAGGGTGCAGATTTACCGGCCTTAC  TcdsHDAC3R  TAATACGACTCACTATAGGGATGACCCGATCAGTGAGATAGA  TcdsHDAC8F  TAATACGACTCACTATAGGGAAGAGGACGATCCGTTTAAT  TcdsHDAC8R  TAATACGACTCACTATAGGGCGTCATCCTCGTAATCCTCATC  TcdsHDAC8F-2  TAATACGACTCACTATAGGGCATAGCCGGTGGTTCCATAA  TcdsHDAC8R-2  TAATACGACTCACTATAGGGCGTGGTGAATGTCCAAGTCTA  TcdsHDAC4F  TAATACGACTCACTATAGGGAACAGCATCCGAGCCTAATC  TcdsHDAC4R  TAATACGACTCACTATAGGGTGGGCGGCTAAAGAAATA  TcdsHDAC6F  TAATACGACTCACTATAGGGAGCAGGAGGCTAGTTCTTATG  TcdsHDAC6R  TAATACGACTCACTATAGGGCAGCTATTGCCACGTTATTG  TcdsHDAC11F  TAATACGACTCACTATAGGGATTGTTGCGGTAGCAAAGGTGGTG  TcdsHDAC11R  TAATACGACTCACTATAGGGTCGTCTTCGGTAAAGTGTGCCAGT  TcdsSirt1F  TAATACGACTCACTATAGGGCCTCCACAGTTAGCGAAATA  TcdsSirt1R  TAATACGACTCACTATAGGGCTATCGCCAGTCGAACGTAAA  TcdsSirt2F  TAATACGACTCACTATAGGGAACCTGCCTCATCCTCAGGCAATA  TcdsSirt2R  TAATACGACTCACTATAGGGCCTACACGCTAAACAATGTCCCGT  TcdsSirt4F  TAATACGACTCACTATAGGGCGGAGAAAGTCAGGCAAAGA  TcdsSirt4R  TAATACGACTCACTATAGGGCGTTATCGCCAAAGAACGTAATG  TcdsSirt5F  TAATACGACTCACTATAGGGACCAAGACCTGCCTATAATC  TcdsSirt5R  TAATACGACTCACTATAGGGCGTCATCAAACGCATCTTC  TcdsSirt6F  TAATACGACTCACTATAGGGCACTCCAGTGTGGCAGATTTA  TcdsSirt6R  TAATACGACTCACTATAGGGCATACAGCGCCTTGACTTCT  TcdsSirt7F  TAATACGACTCACTATAGGGAACGAGCCTTTGGTCGATAC  TcdsSirt7R  TAATACGACTCACTATAGGGTTCATTACGGCCTCCATCAC  TcdsSIN3F  TAATACGACTCACTATAGGGTGGATGAGACGCTGAAAGAAG  TcdsSIN3R  TAATACGACTCACTATAGGGCCAGGTGATTGTTGTTGAGATTG  TcqSIN3F  ACCGCCCGGTTATAAGATTG  TcqSIN3R  GTTGAGGATCAGAGGGCATATT  TcqHDAC1F  CCGCATAAGGATGACCCATAAT  TcqHDAC1R  TTCTTCGGCAGTGGCTTTA  TcqHDAC3F  GAGACGCAATCCCTGAAG  TcqHDAC3R  TTTCGCCTCGACCATCTTA  TcqHDAC8F  GTTACCGACGAT  TcqHDAC8R  CCACAACCTGGCCGT  TcqHDAC4F  ATGGCCGAGAGAACGTATTG  TcqHDAC4R  CGGATCGACGGGTATTGA TcqHDAC6F  CAGGCAGCTATCCTGGAATAT  TcqHDAC6R  GAGGTCGGAGGAGGCACAAATATA  TcqHDAC11F  CACACTTTACCGAAGACGACGAGT  TcqHDAC11R  AGTTCATCCCGTTCGATGATTCCC  TcqSirt1F  TGATCAATCGGGAGCCTTTAC  TcqSirt1R  CCAAACACCGCCAAACAAA  TcqSirt2F  ACGGGACATTGTTTAGCGTGTAGG  TcqSirt2R  CCTTGCAGTCCTTGCTCTCACATT  TcqSirt4F  TGGACAGGAAGCCCAAATAC  TcqSirt4R  CCTTCCGTCTCCCTTTCTTTC  TcqSirt5F  ACGCCAGTTCCACGTAATC  TcqSirt5R  AGACTCCCGTGCAGTTCTA  TcqSirt6F  TTGCGACAGCCAGTTTGT  TcqSirt6R  GTGTTCCCAGTCAAGGATTGT  TcqSirt7F  GTTCACGAAACTTCAGCATTACC  TcqSirt7R  GGCGAAGTGATTGTAACTGAGA  TcHDAC1ORFF  TGACCATGGTTATGGCCACACAACCTCACAGTCGG  TcHDAC1ORFR GATGCGGCCGCCGGAGTTGGTCCCG  TcSIN3ORFF  TGACCATGGTTATGAAACGGCTTCGAGTGGATG  TcSIN3ORFR  GATGCGGCCGCCGTAGCAGTAACATCTTCGTTCAGCC  TcKr-h1PF  GCGGTACCGCCAAACGCTCCTCTTTAT  TcKr-h1PR  CGGCTCGAGCTATAGGACAAGGCTGAGTTAG  Tcq003720F  CAGATAGTGGTGCCATGTAGTG  Tcq003720R  CCCTCGTCCTTAAACACCTTAAC  Tcq004015F  GAAACCACCGGCCCTTAATA  Tcq004015R  CTGATTGAAGAGTAGCCGATCC  Tcq001921F  GGGCCAACAATTGGTCATTC  Tcq001921R  TTCGGAGAGTTTCGTCAAGG  Tcq011468F  GTTTGCAGTTGGGACGAATG  Tcq011468R  TTCGTCTTGCTGGGTTGAG  Tcq000110F  GCCGACCCTAATGGTGAATA  Tcq000110R  GGCAGCAAATCTGTCGTAATC  Tcq003972F  GTGAGGAGTGATAGCGTTGTT  Tcq003972R  AGAGACAGGGTGTCCATAGAG  Tcq006040F  GTAGCGAACCACTGACGTATAG  Tcq006040R  AACAGCTGCTCTGGCAATA  Tcq015843F  TCCCAAGTGTTTGAGGGAAG  Tcq015843R  GACGGAATCAGTAAGGGTTTGA  Tcq001775F  GCTCATCCCGACTCCTTTATC  Tcq001775R  AGTGCCCAGAAGAGCAATAC Tcq015577F  CTTCGCCTCGTGCTCTTTA  Tcq015577R  CCGTGTGTGTGTAAGTGTTTG  Tcq012866F  GCTTCGAGGTGGGACATAAC  Tcq012866R  CCTTCCCACCTGATGAAACTC  Tcq015048F  CTACATCACCCAACCCTTCTC  Tcq015048R  GCAGACGTCGCATTTGAAC  Tcq014708F  GCCAGACCTATTAGCGACATT  Tcq014708R  TGGTCCCACCTTGTATCCTA  Tcq014548F  GCCTTCTACTTGACGGTGTATC  Tcq014548R  CGTCACAGTTCTCAATCTCCTC  Tcq031140F  CTCTTTCCACCTGGGCTTAAT  Tcq031140R  GCCACTTCCGAGAAGTAGTTAG  Tcq006021F  CAGAGGCGGCTATGAGTAATG  Tcq006021R  GTGTGTGAGTGGACGAGAAA  Tcq016270F  GTTGTGGAGTAACGGTGGAG  Tcq016270R  CACTATCGCTGGGAGAAATCAT  Tcq034026F  GCTTCGTTCGTTCGTGTTTC  Tcq034026R  CGGCGATTGATTCCGATTTG  Tcq008129F  GGTGAACGGACTAGTGAACAAT  Tcq008129R TGTGGTTTAGGTTGCGTACTT TcqKr-h1F GTTTGCTCCAAGGGGTTCACG TcqKr-h1R GGTTGTAGCCGAAGGATTTGC Figures   Fig. S1 . The phenotypes of dsHDAC1 injected last instar larvae. Phenotypes observed in insects injected into day 0 last instar larvae (A) or 72 h-old last instar larvae (B). Compound eyes (dark eye spots) and dorsal split were observed. Sclerotized spots on legs and antennae were also observed. dsmalE were injected into newly molted last instar larvae. At 12 h after injection, larvae were collected, total RNA isolated and used to quantify HDAC1 mRNA levels. Mean+SE (n=3). B.
Phenotypes detected in larvae injected with 1, 0.5, 0.25 µg dsHDAC1/larva were photographed on the 15th day after injection. while, control cells exposed to JH III for 24 h. Western blot hybridization was performed as described in Figure 4 . Band intensities from duplicate blots were measured using Image-J software.
The fold change in treatments (JH III and dsHDAC1) compared to control (dsmalE and DMSO) are shown. 
